The Outer Hebridean fauna is almost entirely the result of the chance characteristics of opportunist colonizers modified by subsequent adaptation and sometimes later immigrants. A few primitive relicts may persist (e.g. possibly, the moth Nyssia zonarid), but the fauna is certainly not largely composed of early post-glacial invaders. These, traditional theory argues, are likely to have been eliminated on the mainland by later arrivals but to have been able to persist on the islands by the timely breaking of hypothetical land-bridges.
INTRODUCTION
The distribution and differentiation of certain groups of animals on the Outer Hebrides (and, indeed, on many other island groups) have led to past generations of zoologists speculating riotously from negligible evidence about rates of evolution; land-bridges; Pleistocene refuges; waves of colonization, competition and extinction; and multitudinous other bulwarks of biogeography. As far as the Outer Hebridean fauna is concerned, the favourite hypotheses involve a short-lived post-glacial land link with the Scottish mainland which allowed early immigrants onto the islands, but which was broken before more successful competitors arrived (Barrett-Hamilton and Hinton 1910-21)-a bridge formed, perhaps, by isostatic recovery of land which had lain under a heavy ice sheet in the glacial phases of the Pleistocene but was soon breached by eustatic movements (Harrison 1948) ; and (or) survival of some species through the later stages of the Pleistocene, perhaps on low-lying land now submerged 'off the west coast of Scotland, including the present Western Isles and therefore the northern end of the land-connection with Ireland' (Beirne 1943-44; Ford 1955a) . Refugia in the middle 22 R-J. Berry of Pleistocene-like conditions have been described on Kodiak Island off the Alaskan coast, and on the borders of the Skaftafell glacier in south-east Iceland (Lindroth 1970) . Certainly St Kilda and possibly parts of Lewis and Harris were never fully glaciated (Wager 1953) .
Some long-term isolation of at least part of the Hebridean fauna is needed by orthodox theory because of the time required to reach sub-specific rank (Huxley 1942, believed this to be at least 50,000 years; Beirne 1952 , put the period at 'not less than about 80,000 years'). Unfortunately, the last retreat of the ice was comparatively recent-probably only about 12,000 years ago. Notwithstanding, as long ago as 1880 Alston was inventing land-bridges in post-glacial times. He suggested that these broke off Ireland, then the Outer Hebrides, and finally Orkney: 'such a hypothesis of the dispersal of English mammals through Scotland and Ireland appears to me to be the only one which explains the peculiarities of their present distribution, and is likewise in accord (sic) with the facts of physical geography'. Harrison (1943) believed there must have been a link between Ireland, the Tiree-Coll group, the Small Isles, and the Outer Hebrides but not with Scotland, 'at some fairly recent time, possibly in early postglacial times or in some inter-glacial period'.
These speculations have become hallowed by non-contradiction, although there are sound ecological, geological, and genetical reasons for believing them wrong for most species. In the first place, there is a deep channel of 50-80 fathoms running along the eastern coast of the Outer Hebrides (Ting 1937; Steers 1953) , probably the valley of a former river draining south-westwards into the Atlantic. The Minch coast of the Hebrides is much as it was in pre-glacial times (Ritchie 1966; Sissons 1967) . Beirne (1943-44) has argued that the deep channel-is fairly narrow and that much of the Minch would have been dry land up to 10,000 years ago, allowing (for example) non-migratory Lepidoptera to colonize the islands. Nevertheless, there can be little doubt that the Outer Hebrides have never been linked to mainland Scotland since the Tertiary.
A worse problem for the 'classical' theorists is that in the tundra-like conditions that followed the final retreat of the ice, only the hardiest of animals would have been able to survive as far north as northern Scotland, and logically the islands ought to have been colonized by land animals which are now found only in the Arctic and near-Arctic of northern Eurasia. Species that do not fit into this category must be either later incomers or extremely fortunate relicts of a Pleistocene spa.
It is virtually impossible to disprove the last possibility. Ford (1955a) has argued that the Belted Beauty moth (Nyssia zonaria) is one such species: this is found along the sandy coasts of North Wales and South Lancashire, in coastal areas in Ireland, and on a number of the Hebrides. Other candidates are the Transparent Burnet moth (Zygaena purpuralis), the Marsh Fritillary butterfly (Euphydras aurinia), and a bumble-bee (Bombus smithianus). As far as freshwater fish are concerned, there can be no doubt that they arrived in the Hebrides by swimming, following the northern coastline as it became free from ice and penetrating the river and loch systems. There are no established populations of exotic fish at all in the Western Isles (Campbell and Williamson 1979*) .
The most convincing arguments for the occurrence of Pleistocene survivors or early post-Pleistocene colonizers have been built intuitively upon the mice and voles of The Outer Hebrides: where genes and geography meet 23 Ireland and the islands, since small mammals are land-bound and non-adventurous. For example, Ford (1955a) accepted that there must have been a land-bridge between Scotland and Shetland subsequent to the severest part of the Ice Age because of the occurrence in Shetland field mice (Apodemus sylvaticus), and he proceeded to date the antiquity and evolution of the Lepidopteran fauna from the time that the mice colonized. Similarly Matthews (1952) has set out the evidence for both voles (Microtus agrestis neglectus) and field mice (Apodemus sylvaticus hebridensis) existing in the Hebrides as distinct forms on the grounds that they were early immigrants which have been replaced on the mainland by more successful invading forms, and that they have been able to survive in isolation following the rising of the sea-level. Richards (1935) uses the two same species as his basis for suggesting that the bee Bombus smithianus survives as a relict in Shetland and the Hebrides, having 'retreated .. . before a later invading form (B. muscorum) (which) has been able to penetrate to the Orkneys and to most of the Inner Hebrides'. Corbet (1961) has shown the emptiness of the evidence on which this theory relies, and undermined the whole argument for wholesale persistence of isolated relicts. He pointed out that not only are the geological facts against it (as we have seen), but also that the uneven distribution of small mammals (especially the absence of Microtus on Lewis and Harris, and the existence of Apodemus but not Microtus on Shetland) suggests that they are most likely to have been introduced fortuitously (probably by man) after the different islands became separated from each other and the mainland. Furthermore, certain fossils used as evidence of the widespread occurrence in mainland Britain of putative vole relicts (notably Microtus corneri and M. oeconomus) have now been shown to be wrongly identified (Sutcliffe and Kowalski 1976) . The voles of Orkney (M. arvalis orcadensis) which were traditionally believed to be the earliest post-glacial colonizers of northern Britain (i.e. prior to the microtines which were to be isolated on the Hebrides) are certainly not relicts of a glacial phase survivor, but can be best interpreted as an eastern Mediterranean race brought directly to Orkney by some of the earliest human settlers (Berry and Rose 1975) . Corbet (loc. cit.) does not argue that the whole of the mammal fauna of the Northern and Western Isles was introduced by man. For example, he suggests that the Pygmy Shrew (Sorex minutus) could have been an early post-glacial colonizer, or that it might have survived the last glacial phase in the south of Ireland; and he accepts that the vole of the Highlands north of the Great Glen (Microtus agrestis neglectus) is a relict form which has been replaced further south-although he regards the Outer Hebridean race as being 'clearly introduced' (largely since it is otherwise inexplicably absent from a number of large Inner Hebridean islands: Raasay, Rhum, Tiree, Coll, and Colonsay). The importance of his analysis (and subsequent supporting studies, especially Delany 1970; Berry 1969 Berry , 1973 Berry and Rose 1975; see also Fairley 1975) is that it presents an alternative source of the island faunas to the land-bridge/relict explanation. It is the purpose of this paper to examine the likelihood of introduction as opposed to survival being a major source of the Outer Hebridean fauna, and to consider the implications of this.
RELICT V INTRODUCED FAUNAS
One of the major discoveries in biology in recent years has been the enormous amount of inherited variation present in virtually every animal species: an average 24
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individual is likely to be heterozygous at 5-15% of its gene loci, while a population may have more than one allele segregating at 20-30% of its loci. A correlate of this immense variability is that any small group of a species will almost inevitably differ from any other group in the frequencies of a great number of alleles: a few colonizers which become isolated may have such drastically different gene frequencies from the population whence they came, that instant sub-speciation takes place (Berry 1967 (Berry , 1975 . A founder event of this nature is the most effective way of changing gene frequencies that there is.
If a population successfully colonizes an empty habitat, it is subject to two evolutionary pressures:
1. In the first few generations it will increase in numbers until it fills the available space, and will then begin to experience selective forces which lead to the establishment of a local race (R. J. . These forces may be very different to the ones acting on the ancestral population (Mayr 1954) . Chance ('drift') changes are unlikely to be important, since if the population is small enough for random processes to be effective, it will be very susceptible to extinction (Berry 1977) .
2. The genes that were carried by the original founders will be the same ones (in approximately the same frequencies) as those in the expanded population unless there is early massive immigration. Once the initial founders have filled the space, further incomers are unlikely to have a marked genetical influence (apart from possibly contributing a new allele or gene combination) (Cook 1961; Grant 1970; Lidicker 1976 ).
In other words, a population founded by a small number of individuals is likely to continue to show the genetical constitution of its founders, and reveal a close (albeit variable) relationship with its origins. Populations on a group of islands will differ from each other because each will result from a unique event. They will be distinguishable from a group of relict populations since these will have begun by being continuous and hence relatively like each other; differences between them will be fairly small, due either to an initial heterogeneity in the distribution of genes or differentiation after isolation (Berry and Warwick 1974) . Although 'founded' populations might be expected to be intrinsically less variable than relict ones, this is a difficult property to evaluate, since any marginal population (which could easily become a relict) is likely to carry less variation than a central population, and a typical individual carries so much variation that a founding event may not seriously decrease the total amount (Carson 1958; -although see also Bonnell and Selander 1974) .
Hebridean Field-mice and Voles
The characteristics of founded populations are particularly well shown by the field mice (Apodemus sylvaticus) of the Hebrides. This species is remarkably constant throughout most of its range from China westwards to the Atlantic coast, but in the British Isles it has distinct forms on St Kilda, on 11 of the Hebrides, and on three of the Shetland islands.
In 1895 de Winton described 'a sharply differentiated local form' of the field mouse from Lewis, having a larger size but smaller ears than mainland mice, and being rather dark. He called this A. hebridensis. Four years later Barrett-Hamilton described The Outer Hebrides: where genes and geography meet 25 another species {A. hirtensis) from Hirta of St Kilda. This was 'closely allied to Apodemus hebridensis from which it differs in its slightly larger size, and also in the greater amount of buff or yellowish-brown coloration on the underside'. A year later Barrett-Hamilton (1900) surveyed all the specimens of Apodemus in the British Museum (Natural History) and relegated A. hebridensis and A. hirtensis to sub-species of A. sylvaticus.
In 1906 Kinnear acquired six Apodemus specimens from Fair Isle. These had a 'longer and narrower brain-case than typical A. sylvaticus', and were put into a new species, A.fridariensis. By now the splitting and naming fever was in full flow. Hinton (1914 Hinton ( , 1919 added another seven sub-species, Montagu (1922) four, and finally Warwick (1940) one (nesiticus, from Mingulay and Berneray).
Study of the island mice was carried forward by Delany (summarized 1970) taking classical taxonomic methods as far as they can probably go. Excluding St Kilda, he found 'the mice from Rhum are the largest with those from North Uist, Barra and Colonsay next in size. Tail length is variable, being longest in mice from Rhum and shortest in those from Raasay. . .. The animals from the Outer Hebrides (except Lewis), Colonsay and Rhum are lighter coloured with those from North Uist particularly pale. The more richly coloured mice come from Raasay and Rhum, and those with least colour from North and South Uist. . . . The Barra and Uist mice . . . are of a rather stockier build than the mice from Rhum-which appear of rather similar proportions to the mice from Applecross (on the mainland)' (Delany 1964) .
And so on. It is obviously possible to continue this sort of descriptive comparison almost indefinitely. Every population differs to a greater or lesser extent from every other one. Delany concluded that of all the island populations he examined, only the Rhum population was distinct enough to retain a sub-specific name {A. sylvaticus hamiltoni).
Sense of the many island races was finally achieved by genetically characterizing each on the basis of non-metrical variants of the skull-multifactorially determined traits whose frequencies reflect segregation at a large number of gene loci . Using this method, it is possible to calculate between population samples a multivariate 'distance' which is really a measure of genetical relationship since the characters involved are largely genetically controlled.
When the Rhum population was compared with the Scottish mainland and with samples from the Outer Hebrides, it turned out to be very distinct on the skeletal statistic, just as Delany had found. However, when compared with mice from all the main neighbouring islands, the Rhum mice were much more like those from Eigg than elsewhere-as also were population samples from Muck and Canna. More surprisingly, the Eigg mice are more like Norwegian ones than Scottish mainland samples (even though samples from as far apart as Applecross, Ardnamurchan, Loch Tay, and Angus are virtually inseparable).
This makes more sense in terms of history than of traditional biology: Eigg was a political centre with Scandinavian links from the early days of human organization in northern Britain. In the 8th century the Vikings raided there; by the 13th century the island was a seat of the Lord of the Isles: the Vikings must have had considerable dealings with Eigg in their exploratory journeys before they turned to conquest. In contrast Rhum never had a permanent settlement before the 17th century.
If we assume that there were mice on Eigg from the early days of human settlement, it is not difficult to picture a few animals being introduced when someone landed-perhaps taking over livestock in a boat with mice hiding in the straw or foodstuff. If this is what happened, any new population established would be instantly different from the one whence it came: it is ironical that the Rhum population is so distinct yet probably young in occupation of the island. Eigg is important in considering the inter-relationships of the Outer Hebridean mouse populations, because the latter show a complicated pattern of affinities, all of them being closer to either Eigg or Norway than to the Scottish mainland (Fig. 1) . Clearly there has been no simple introduction and spread of field-mice in the Hebrides: Lewis/Harris is distant from every sample except South Uist, whose closest affinities are directly with Norway; North Uist is not at all like South Uist, and is closer to Eigg than anywhere; Barra and Mingulay are closely related to each other, and to Eigg; the Shetland populations are more closely related to Norway than elsewhere (Berry 1969) . The Uists were only separated from each other relatively recently, yet their mouse populations are genetically very distinct. The relationships fit closely with the expectations of separately founded populations, and not at all with the possibility that the mice are relicts.
Less work has been done on the voles (Microtus agrestis). Miller (1908) There are two reasons for rejecting this hypothesis:
1. It is based on the 'progressive wave' idea which gave rise first to M. orcadensis and then the Hebridean forms (q.v. Matthews 1952) , but the notion that the Orkney vole is a relict is completely wrong (Berry and Rose 1975) .
2. The tooth variation is better regarded as quantitative rather than qualitative (Montagu 1922; Corbett 1975) , and there is an uneven cline in the mean size of the extra molar loop from southern England (c. 50 ^m) to north-west Scotland (c. 150 pm). The average size of the loop on North Uist is 236 fim, on Benbecula 133 fim, and on South Uist it is 171 /im; it is 142 fan on Skye (Corbet, pers. comm.) . In other words, there is a similar haphazard distribution of traits (and therefore presumptive relationships) to that in Apodemus.
Birds, Cats, Fleas and Men
Although field-mice give the clearest information about the origins and differentiation (which was called 'segregation' by the older naturalists) of the Hebridean fauna, other groups show similar evidences once the characteristics of colonization are recognized. The description of the St Kildan wren as a distinct species by Seebohm in 1884 brought to the fore the whole question of local differentiation within the British Isles, and produced fierce controversy (Barrington 1884; Dresser 1886 although some of the taxonomic claims of ornithologists were as optimistic as those of the mammal workers described above. There is a tendency among many Hebridean birds to be darker than their mainland relatives (Meinertzhagen 1934; see also Hartert 1907; Bird 1936) , and this has led to the recognition of at least five Hebridean sub-species: twite (Acanthis flavirostris bensonorum-this is no longer accepted as distinct), hedge-sparrow {Prunella modularis hebridium-now regarded as indistinguishable from Irish birds), stonechat (Saxicola torquata theresae), song thrush (Turdus philomelos hebridensis-said to occur in rural areas, but to be replaced by the typical form in Stornoway), and wren {Troglodytes troglodytes hebridensis). The wren is the most illuminating, illustrating the apparently random nature of the Hebridean races. A Hebridean form distinct from the previously described St Kildan form was named by Meinertzhagen (1924) Armstrong 1953; Handford and Pernetta 1974; Bourne 1974; Hawthorne et al. 1976) , it seems more plausible to argue that the distinguishing characteristics of the four sub-species arose from genes fortuitously carried by the original founders. Domestic cats (Felis catus) form a stark contrast to birds. There can be no doubt that cats were introduced consciously by man, nor that some attempt is made by owners to determine the colours of the animals they allow to breed. Notwithstanding, the actual mating of cats is certainly at random; and there is good reason to believe that human selection has a comparatively small effect on the characteristics of the breeding population-even in high 'cat-caring' areas (Clark 1975) . However the gene-pool of cats in towns has changed markedly in recent decades towards producing darker phenotypes, with a high correlation between human density and cat phenotype (Clark 1975) . The pressures producing this change are absent in rural areas, and so by extrapolating back the probable rate of gene frequency change in urban centres (which are also the historical areas of population spread), it is often possible to deduce the time and source of origin of a cat colonization (Todd et al. 1975) . Clark (1976) has determined the colour of cat coats-and thence the frequencies of six colour-determining alleles-in cats from 27 Scottish localities, including north-west Lewis, Harris, North Uist, and Barra. All four Hebridean samples are similar (except for t h , which ranges in frequency from 35% to 61%), and have been pooled (Table 1) . When this is done, it is clear that Hebridean cats are more like the Orkney and Shetland populations than mainland Britain, particularly in the frequencies of orange (O) and dominant white (W). There is no obvious cline in the frequency of these alleles (as there is, for example, in blotched tabby, t h ), and it is plausible to regard the island populations as relicts of the genomes introduced by the Vikings (N. B. Todd, pers. comm.) .
Similar considerations about origins apply to fleas, albeit the variation in distribution here is between and not within species. George (1975) has argued that all the fleas found on the Western Isles were introduced by man, even Megabothris rectangulatus which may be an early post-glacial relict in the Highlands proper. A particularly interesting distribution is that of Typhloceras poppei, which is monoxenous on Apodemus sylvaticus. This flea occurs on the islands at 59°N and in southern Norway and Sweden, but no further north than 54°N on the British mainland. It is thus more likely that it was introduced to the islands with mice from a warm area, rather than surviving there as a relict. In other words, the fleas support the idea that Apodemus also was introduced. Another species, Malaraeus pencilliger mustelae, occurs on Microtus in North Uist, but is not found on Lewis and Harris, where there are no voles. This implies (although does not prove) that there never have been voles on the northern island, as expected on the introduction but not the relict hypothesis (S. Angus, pers. comm.).
Relationship to its source population is one consequence of a 'founded' population; local differentiation between isolates is another. The origin of the human population of the Hebrides from continental Europe is discussed below; on a rather trivial level, local differentiation is also found. Morton et al. (1976) have studied the population of Barra in great detail. Using birth, marriage, and death records, they have shown that both The Outer Hebrides: where genes and geography meet 29 within and into Barra, the 'marriage distance' (i.e. the distance men and women move to marry) is small-about one-third of those with Barra parents were born in the same area of the island as their parents; the rate of immigration into Barra was 8-6%, of whom 6 1 % came from other islands (see also Clegg 1975) . Not surprisingly there are genetical differences within the region. For example, the frequency of blood group O is 43-4% on Barra, 56-1% inStornoway, and 51-7% in Northern Scotland as a whole; the HLA antigen B7 occurs at 42% on Barra, but 27% in both Stornoway and Glasgow (Izatt 1973; Dick and Izatt 1978) ; while the frequency of the rhesus negative gene (d) varies between 40% in rural Lewis and 57% in North Uist (E. J. Clegg, pers. comm.). Even within a single island, allele frequencies vary considerably and randomly-again indicating chance assortment of groups of individuals in establishing small communities (Table 2) . No differences between Hebridean and mainland forms of earthworms and of spiders have been reported (Boyd 1956; Bristowe 1927 ). This could mean: (a) That these are truly relict groups on the islands. (b) That genetical differences in external morphology were not involved in the establishment of the island populations; or (c) that earthworms and spiders carry little genetical variation, and hence are not subject to founder differentiation.
SURVIVAL, SELECTION AND ADAPTATION
Populations inevitably show traits determined by the genes carried by their forebears. But the test for a population is not just arriving at an uncolonized locality: it is surviving in it-and survival will almost always mean adjustment and adaptation. Since every new population is almost certainly genetically unique, this means that any available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0269727000012616 30 R. J. Berry adaptations it undergoes will also be unique. The practical difficulty is measuring the amount of this adaptation. For reasons stated above, the genetical differences between an ancestral population and isolates formed from it indicate more about relationship than adaptation. However, there are a number of ways in which adaptation can be demonstrated in the Hebridean fauna.
The clearest examples of the results of selection are the existence of groups of races which are darker than the normal forms. This has already been noted for birds. Meinertzhagen (1934) ruled out rainfall and soil colour as the cause of this, and 
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The most informative species has been Cepaea nemoralis, but this reaches its northern limit well south of the Hebrides (Jones 1973a) . The closely related species C. hortensis is scarce in the Outer Hebrides, and only three samples (all from Barra) have been described. These were monomorphic for yellow ground colour, contained no unbanded individuals, and showed a high frequency (59%) of band fusions. The species has also been collected on Skye and at Applecross, where again all the snails were yellow, although unbandeds were present (P. Rawlings, pers. comm.). In the Sandwood Bay area of north-west Sutherland, up to half the individuals of C. hortensis are brown, a morph which has been associated in C. nemoralis with increased tolerance to cold (Cain et al. 1969; Jones 1973b) . A high correlation between habitat and variation has been found in the small snail Cochlicella acuta in the Outer Hebrides (Table 4) . At all sites where collections have been made from different habitats, ranging from exposed dunes through 'mixed vegetation' to close turf, the frequencies of banding and opacity are lowest on sand, and increase on other backgrounds (Lewis 1977 ). This species is predated by Rooks (Corvus frugilegus), and they may exercise visual selection. This does not, of course, rule out physiological, climatic, and other forms of selection. Lanyon (1966) has shown that banding in Helicella itala is polymorphic in the Outer Hebrides. Cain et al. (1969) have suggested that variation in this species might be correlated with temperature and rainfall.
The littoral snail Nucella lapillus is mainly white in the Hebrides (Berry and Crothers 1974), but local coloured or banded populations exist-in Glen Bay but not Village Bay on Hirta; at Floddaymore (North Uist); Usinish Point (South Uist); Hellisay; Berneray; and Mingulay (J. H. Crothers, pers. comm.). The reason for local high frequencies of pigmented shells in this species is not understood, but it is fairly certain that it is the result of selective processes differing in time or space (Berry 1977) .
All the Holarctic forms of the Three-spined Stickleback (Gasterosteus aculeatus) seem to occur in the Western Isles, and are certainly unevenly distributed, which may indicate local adaptation (Campbell and Williamson 1979*) . Unfortunately little is known about the factors determining the occurrence of particular forms, so it is not possible to conclude anything about their significance. However, they will almost certainly repay an ecogenetical study.
ISLAND FAUNAS
Is it possible to generalize about the biological diversity of the Outer Hebrides? From the time of Darwin and Wallace, workers have commented on the faunal poverty of islands, and the Hebrides are no exception (Fig. 2) (Alston 1880; Carlquist 1974; Johnson and Simberloff 1974) . However, ecologists have now joined forces with biogeographers in attempts to quantify the number of species that are found on any island (MacArthur and Wilson 1967; MacArthur 1972; Lack 1976) . These endeavours have been less successful than the elegance of the various models suggests (e.g. Lynch and Johnson 1974) . The main factors involved are immigration (which is related to isolation), establishment correlated with available habitat, and hence with area), and extinction (which depends on competition and availability of resources) (e.g. Ball and Glucksman 1975) . Lack (1969) has added a further property, that ecological tolerance can also be significant, so that a species capable of occupying a wide 'niche' may exclude 'specialists'. Lack's contribution is both important and confusing: important because it moves species diversity from the mechanical interactions of numbers (e.g. Johnson and Raven 1973) into the realms of ecological interactions, but confusing because niche 'width' is a genetical property of a population and hence capable of modification. Most colonizers (with the exception of sea birds) are r-selected 'weeds', potentially capable of specialization (Berry 1977) . In the context of islands, it might be better to replace the idea of 'width' with 'opportunistic adjustment'. This is a biologically valid concept, but Isles. Data from Sharrock (1976) , Perring and Walter (1962) and R. N. Campbell, unpublished. mathematically intractable since it will vary with virtually every species and every situation. 'Opportunistic adjustment' can be considered in terms of the terrestrial vertebrate fauna of the Outer Hebrides (Table 5) , because there are relatively few species involved and the history of many of them is known. Indeed, perhaps too much is known: omitting the Otter (Lutra lutra) which is virtually a marine species in northern Scotland, only two species (the Pygmy Shrew, Sorex minutus, and the Red Deer, Cervus elephas) can be fairly definitely asserted to have arrived without the intervention of man. Shrews are found on all the larger islands and can tolerate near-arctic conditions, as is shown by their occupation of such sites as the Cairngorm Plateau and the summit of Ben Nevis. No island races have been described (although inter-island differences exist in non-metrical skeletal traits: P. King, pers. comm.). Red deer were present on the Outer Hebrides in prehistoric times, as witnessed by the occurrence of large quantities of their bones in kitchen middens at least as early as the Iron Age (Lacaille 1954) , and by the occasional rinding of antlers in peat (Alston 1880 ). The only other mammal which might possibly be truly indigenous is the Pine Marten {Martes martes), but this species became extinct in the early 1880s, as a result of human persecution (Harvie-Brown and Buckley 1888). Its niche is being rapidly reoccupied on Lewis and Harris by feral mink (Mustela vison), presumably escapes from the mink farms in Lewis (at Steinish and Dalmore), both of which closed down in 1961 (Cuthbert 1973; S. Angus, pers. comm.) . Ferrets (M. putorius furo) were released on Harris in an attempt to control rabbits (Gordon 1944 ), but they do not seem to have spread significantly. Hewson (1955) states that the Mountain Hare (Lepus timidus) is found 'naturally' in the Outer Hebrides, but there is no evidence for this. The species now occurs only on Lewis and Harris, being introduced at Rodel in Harris about 1859, and spreading rapidly over the whole island (Harvie-Brown and Buckley 1888). Brown Hares (L. europaeus) were also first introduced at Rodel, towards the end of the 18th century: both Pennant in 1777 and Buchanan in the 1780s note the absence of hares in the Long Island, while the Old Statistical Account of 1797 noted that in Barvas 'of late a few have made their appearance from a breed introduced by Lord Seaforth' (q.v. Harvie-Brown and Buckley 1888). They were introduced to Barra about the same time, but were extinct by 1900 (Millais 1906 ). An introduction to North Uist was also unsuccessful, as were at least three attempts to establish Mountain Hares there (Beveridge 1934) . Rabbits had got to the Outer Hebrides by 1677 (Lever 1977) ; they were stated to be on South Uist prior to 1842 (q.v. New Statistical Account) , and spread thence to most of the other islands, although several attempts failed to establish them on Lewis until 1865.
The date of colonization by field mice and voles is unknown, but was likely to have been about a thousand years ago. The St Kilda House Mouse (Mus musculus muralis) became extinct in the 1930s, but it was related to the mice of Shetland and the Faroes, and was probably also introduced by the Vikings (Berry and Tricker 1969; Berry et al. 1978) . Eagle Clarke (1905) believed that some mice from Lochmaddy in North Uist resembled muralis, while Lewis House Mice have been reported to be indistinguishable from typical specimens (Hinton and Hony 1916) .
One of the earliest Scottish references to Black Rats (Rattus rattus) was given by Martin Martin in 1703, when he recorded 'a great many rats in the Village Rowdil (Rodel), which have become very troublesome to the Natives . . .'. Martin also records the dying of the entire human population of North Rona soon after 1685, following the landing of rats from a wrecked ship. Brown Rats (R. norvegicus) presumably reached the Western Isles in the 18th century, since they were introduced to the Faroes in 1768 from a ship wrecked on Lewis but which finally ran aground on Faroe, although they were not noted in the Highlands until 1814 (Lever 1977) . They have now replaced the Black Rat everywhere in the Outer Hebrides except, apparently, on the Shiants.
Hedgehogs and frogs have been introduced to the islands very recently. Nothing seems to be known about the antecedents of the reptiles.
Does this catalogue add up to anything, other than the dominant influence of man on the terrestrial vertebrates of the islands? Certainly the Outer Hebrides have a higher proportion of the birds and vascular plants found in the British Isles than of the land animals when compared with the inshore islands and the mainland (although the The Outer Hebrides: where genes and geography meet 37 invertebrate fauna is really too poorly known for the making of such generalizations). As we have seen, the direct human impact has been of prime importance in this (quite apart from its effects in changing and destroying habitats), but there is a general caveat for island colonization theories of the necessity to recognize the disproportionate consequences of any key species in developing ecosystems. Goats and rats have profoundly modified islands in many parts of the world-usually in the direction of eliminating other species; on another level, certain dinosaur groups, or access to South America by eutherian carnivores have disproportionately affected evolution. The Hebridean situation highlights an ongoing evolutionary process.
But the island faunas are not mere assortments of unvarying species: as we have seen they are exposed to a complex of genetical forces which are heightened by human manipulations. The opportunists are subject to adjustment. Although we know very little about specific adaptations to Hebridean conditions, there is enough evidence to know that there must be many of them. For example, Poore and McVean (1957) have calculated an 'Index of Oceanicity' for a number of Highland and Island localities (Stornoway has a value of 337, while Inverness has one of only 156). House mice living under conditions of high 'oceanicity' on sub-Antarctic islands respond to their environment in quite different ways to mice exposed to a more fluctuating climate (Berry et al. 1978 ). Every population is unique, and though biogeographical model fitting may suggest ecological situations, no amount of it can detract from the intrinsic interest (and value?) of those species which reach and survive on islands. HEBRIDEAN 
MAN
Despite the wealth of prehistoric remains in the Outer Hebrides, surprisingly little is known about the relationships of the humans who inhabit the islands and who have had such a marked influence on the natural history (Lacaille 1954; Wainwright 1955; Murray 1966; Brothwell 1974 ). An anthropometric study of the Benbecula population found that the average Outer Hebridean is tall, and can be 'somewhat inconsequently described as mesocephalic, leptoprosopic and leptorrhine. . . . The large Benbecula head breadth appears to be an extreme for the contempory male inhabitants of the British Isles' (Searight et al. 1944) . A. C. ) compared a sample of skulls excavated from an eroding graveyard on Ensay in the Sound of Harris, which served southern Harris until the end of the 18th century (A. E. W. Miles, pers. comm.), with samples from a number of other north-west European samples of different dates, using non-metrical variants as genetical traits. She found that the Ensay population was most like a sample of skulls from south-east Scotland also of mediaeval date (Turner 1914) , and one from the early Stone Age of Denmark (before 3000 BC) (Fig.  3) . If the Ensay population can be taken as typical of the Outer Hebrides, this implies that the gene-pool of Hebridean man has remained relatively unchanged genetically since the early waves of post-Neolithic colonizers, and that the periods of Viking dominion had a comparatively small impact on the gene-pool (Berry and Muir 1975) .
However, another set of comparisons can be made using the frequencies of blood group and protein variants in different living samples. Sufficient data exist to calculate 'genetical distances' between Lewis and Barra, and a number of other relevant populations (Table 6 ). Lewis is, as already noted, very distinct from Barra, and is most like Orkney and Iceland, suggesting a strong Scandinavian element in the island's people. . The Outer Hebrides: where genes and geography meet 39 In contrast, the Barra population is closest to 'the Lowlands', and is thus similar to the Ensay sample described above. These immunological and biochemical comparisons are based on very few loci, and are thus subject to more sampling fluctuation than the skeletal comparisons. Nevertheless they give clear genetical evidence of the two dominating sources of the present Hebridean population, with the older element persisting more strongly in the more southern islands.
TABLE 6
Genetic distances (Rogers 1972 ) between human population, based on enzyme and blood group frequencies (data from Morton et al. 1977) The origins of the human population must not be over-emphasized in considering the fauna of the Hebrides. As we have seen, the Vikings (who were the first people with adequate ships for routine voyages in northern waters) were certainly influential in introducing rodents, while other species have an Atlantic coastal or even American source (Balfour-Browne 1938; Harrison 1948) . The humans are important in their role as an ecological factor in their own right, and not merely as passive agents for transporting animals and plants (Darling 1955; Darling and Boyd 1964) .
Fifty years ago, Ritchie (1930) looked on the animal life of Scotland in exactly the same way. Already convinced of the impact of man on natural history (Ritchie 1920) , he concluded his Inaugural Lecture as Regius Professor at Aberdeen as follows: 'In the fauna of St Kilda and in the thirty-two distinctive birds and thirty distinctive mammals of Scotland, we are looking upon the modelling from old species of new species and of geographical races, which we regard as the incipient stages of new species. In short, in the changes taking place in the balance of life, in the plasticity of animal form, and in the formation of new races and species, not in the distant past of the geologists, but in recent times, we are looking in Scotland upon Evolution in its course.' Fifty years later, there is no reason to disagree.
